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(57) 
A discharge tube (11) made of a dielectric material extends 
through a hole (3) of a rectangular Waveguide (1) and 
through a coaxial microWave cavity (4) so as to be coaxial 
With the central axis of the cavity This discharge tube 
(11) has a double-tube structure including an outer tube (12) 
and an inner tube (13). The sectional area of an annular gap 
formed betWeen the outer tube (12) and the inner tube (13) 
is held constant over the entire length of the inner tube (13). 
This alloWs the generation of a stable thermal plasma When 
a reaction gas containing an organic halide and Water vapor 
is supplied into the outer tube through the annular gap With 
a microWave transmitted from the rectangular Waveguide (1) 
into the cavity 

ABSTRACT 

8 Claims, 14 Drawing Sheets 
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METHOD OF DECOMPOSING ORGANIC 
HALIDE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of US. Ser. No. 09/602, 
297, ?led Jun. 23, 2000 now US. Pat. No. 6,340,863, Which 
is incorporated herein by reference and is a continuation of 
Application No. PCT/JP99/05862, ?led Oct. 22, 1999. 

This application is based upon and claims the bene?t of 
priority from the prior Japanese Patent Application No. 
10-302994, ?led Oct. 23, 1998, the entire contents of Which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a microWave plasma 
generator useful to decompose particularly organic halides, 
such as freon and trichloromethane, in Which the structure of 
a discharge tube for microWave plasma generation is 
improved, and a method and system for decomposing 
organic halides such as freon and trichloromethane. 

Large amounts of organic halides such as freon, 
trichloromethane, and halon, containing ?uorine, chlorine, 
bromine, and the like in molecules, are used in a variety of 
applications such as refrigerants, solvents, and ?re extin 
guishers. HoWever, these compounds are highly volatile, so 
many of them are emitted, Without being processed, to 
environments such as the air, soil, and Water. Such emitted 
gases are found to have large in?uence on environments, 
e.g., produce carcinogens, destroy the oZonosphere, and 
cause global Warming. Hence, it is necessary to make these 
organic halides harmless from the vieWpoint of environmen 
tal protection. 

Conventionally reported organic halide processing meth 
ods primarily use decomposition reaction at high tempera 
tures. These processing methods are roughly classi?ed into 
the incineration method and the plasma method. 

In the incineration method, volatile organic halides are 
incinerated together With common Wastes such as resins. To 
burn them in a Waste incinerator, corrosion resistance must 
be improved as a measure against hydrogen chloride Which 
is a strong acid and corrosive. Also, since a combustion 
temperature different from those for combustion of common 
resins is set, these organic halides must be separately burned. 
Furthermore, the exhaust amounts of, e.g., hydrogen chlo 
ride and dioXine are strictly restricted. As a consequence, the 
processing amount cannot be thoughtlessly increased to 
avoid a primary cause of, e.g., an unstable combustion 
temperature. 
As the plasma method, a method of decomposing a 

volatile organic halide into carbon dioXide, hydrogen 
chloride, and hydrogen ?uoride by reacting the halide With 
Water vapor in a plasma is knoWn as a dedicated decom 
posing apparatus for, e.g., freon. 

Jpn. Pat. Appln. KOKAI Publication No. 3-222298 has 
disclosed a microWave plasma trace element analyZer 
including a double-structure discharge tube shoWn in FIG. 
17. A double-structure discharge tube 201 shoWn in FIG. 17 
is made of quartZ and comprises a cylindrical outer tube 202 
and a cylindrical inner tube 203. A reaction gas supply pipe 
204 is connected to the outer tube 202 in the direction of 
tangent of this outer tube 202. A tapered large-diameter 
cylindrical portion 205 of thick section is formed at the end 
portion of the inner tube 203, thereby narroWing the space 
betWeen the cylindrical portion 205 of this inner tube 203 
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2 
and the outer tube 202. The discharge tube 201 is inserted 
through a microWave cavity 207 having a metal conductor 
206 and a rectangular Waveguide 208. 

Areaction gas 209 is supplied through the supply pipe 204 
to the space betWeen the outer tube 202 and the inner tube 
203 in the discharge tube 201, Where the gap betWeen an 
antenna and a cavity end plate, or betWeen inner and outer 
conductors, in the cavity 207 is positioned. This reaction gas 
209 is injected from the eXit end of this space. At the same 
time, a carrier gas 210 is supplied into the inner tube 203 and 
bloWn off from an injection opening 211 open at the end 
portion of the inner tube 103, thereby generating a plasma 
212 by discharge. In elemental analysis, for eXample, nitro 
gen gas or the like is used as the reaction gas 209, and Ar or 
He is used as the carrier gas 210. 
The plasma is ignited by using a Tesla coil placed outside 

and near the discharge tube 201 at the microWave cavity eXit 
or an ignition coil 214 connected to an ignition poWer supply 
213 such as a neon transformer. 

When Ar gas is used as the carrier gas, hoWever, the 
running cost increases. 

If the How rate of the carrier gas is increased, the 
generation of a plasma becomes unstable. 

Also, since the injection opening 211 of the inner tube 203 
for injecting the carrier gas is very small, this portion is 
readily damaged by, e.g., melting by a plasma. 

Additionally, the gas ?oW path betWeen the inner tube 203 
and the outer tube 202 is narroWed by the tapered large 
diameter cylindrical portion 205 of thick section formed at 
the end portion of the inner tube 203. Although this raises the 
reaction gas injection rate, the plasma 212 ?oWs backWard 
in the space around the cylindrical portion 205. 
Consequently, the cylindrical portion 205 of the inner tube 
203 melts and breaks. 
On the other hand, to prevent the contact of a plasma With 

the Wall surface of the discharge tube 201, the gas How in the 
discharge tube 201 is usually given a sWirling ?oW effect in 
the gap betWeen the outer tube 202 and the inner tube 203 
by connecting the gas supply pipe 204 to the outer tube 202 
in the direction of tangent of this outer tube 202. HoWever, 
this effect is lost because the thick cylindrical portion 205 of 
the inner tube 203 narroWs the How path formed by the gap. 
Consequently, even a slight change in the plasma state 
causes nonuniform discharge or melts the discharge tube 
201. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
microWave plasma generator capable of stably and ef? 
ciently generating a plasma. 

It is another object of the present invention to provide a 
method of decomposing an organic halide capable of ef? 
ciently decomposing volatile organic halides such as freon 
and trichloromethane. 

It is still another object of the present invention to provide 
an organic halide decomposing system capable of ef?ciently 
decomposing volatile organic halides such as freon and 
trichloromethane. 
A microWave plasma generator according to the present 

invention comprises: 
a rectangular Waveguide having a hole to transmit a 

microWave; 
a coaXial microWave cavity connected to the rectangular 

Waveguide by communicating With the hole; and 
a discharge tube Which is made of a dielectric material, 

eXtends through the hole of the rectangular Waveguide, and 
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extends through the cavity so as to be coaxial With a central 
axis of the cavity, 

Wherein the discharge tube has a double-tube structure 
including outer and inner tubes, 

a sectional area of an annular gap formed betWeen the 
outer and inner tubes is constant over an entire length of the 
inner tube, and 

an end portion of the inner tube has a gas injection 
opening having the same diameter as an internal cavity of 
the inner tube. 

Another microWave plasma generator according to the 
present invention comprises: 

a rectangular Waveguide having a hole to transmit a 
microWave; 

a cylindrical microWave resonance cavity Which is con 
nected to the rectangular Waveguide by communicating With 
the hole and is placed such that a central axis of the 
resonance cavity aligns With the direction of electric ?eld in 
the rectangular Waveguide; and 

a discharge tube Which is made of a dielectric material, 
extends through the hole of the rectangular Waveguide, and 
extends through the resonance cavity so as to be coaxial With 
the central axis of the cavity, 

Wherein the discharge tube has a double-tube structure 
including outer and inner tubes, 

a sectional area of an annular gap formed betWeen the 
outer and inner tubes is constant over an entire length of the 
inner tube, and 

an end portion of the inner tube has a gas injection 
opening having the same diameter as an internal cavity of 
the inner tube. 

In a method of decomposing an organic halide according 
to the present invention, Which decomposes an organic 
halide in a plasma by using a microWave plasma generator 
comprising a rectangular Waveguide having a hole to trans 
mit a microWave, a coaxial microWave cavity connected to 
the rectangular Waveguide by communicating With the hole, 
and a discharge tube Which is made of a dielectric material, 
extends through the hole of the rectangular Waveguide, and 
extends through the cavity so as to be coaxial With a central 
axis of the cavity, Wherein the discharge tube has a double 
tube structure including outer and inner tubes, a sectional 
area of an annular gap formed betWeen the outer and inner 
tubes is constant over an entire length of the inner tube, and 
an end portion of the inner tube has a gas injection opening 
having the same diameter as an internal cavity of the inner 

tube, 
a gas containing the organic halide, Water vapor, and air 

is supplied to the annular gap formed betWeen the outer and 
inner tubes to generate a plasma, in the outer tube, Which 
extends from the vicinity of the end portion of the inner tube 
toWard an end portion of the outer tube. 

In another method of decomposing an organic halide 
according to the present invention, Which decomposes an 
organic halide in a plasma by using a microWave plasma 
generator comprising a rectangular Waveguide having a hole 
to transmit a microWave, a coaxial microWave cavity con 
nected to the rectangular Waveguide by communicating With 
the hole, and a discharge tube Which is made of a dielectric 
material, extends through the hole of the rectangular 
Waveguide, and extends through the cavity so as to be 
coaxial With a central axis of the cavity, Wherein the dis 
charge tube has a double-tube structure including outer and 
inner tubes, a sectional area of an annular gap formed 
betWeen the outer and inner tubes is constant over an entire 
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4 
length of the inner tube, and an end portion of the inner tube 
has a gas injection opening having the same diameter as an 
internal cavity of the inner tube, 

the organic halide is supplied into the inner tube, and a gas 
containing Water vapor and air is supplied to the annular gap 
formed betWeen the outer and inner tubes, thereby generat 
ing a plasma, in the outer tube, Which extends from the 
vicinity of the end portion of the inner tube toWard an end 
portion of the outer tube. 

In still another method of decomposing an organic halide 
according to the present invention, Which decomposes an 
organic halide in a plasma by using a microWave plasma 
generator comprising a rectangular Waveguide having a hole 
to transmit a microWave, a cylindrical microWave resonance 
cavity connected to the rectangular Waveguide by commu 
nicating With the hole and placed such that a central axis of 
the resonance cavity aligns With the direction of electric ?eld 
in the rectangular Waveguide, and a discharge tube Which is 
made of a dielectric material, extends through the hole of the 
rectangular Waveguide, and extends through the resonance 
cavity so as to be coaxial With the central axis of the cavity, 
Wherein the discharge tube has a double-tube structure 
including outer and inner tubes, a sectional area of an 
annular gap formed betWeen the outer and inner tubes is 
constant over an entire length of the inner tube, and an end 
portion of the inner tube has a gas injection opening having 
the same diameter as an internal cavity of the inner tube, 

a gas containing the organic halide, Water vapor, and air 
is supplied to the annular gap formed betWeen the outer and 
inner tubes to generate a plasma, in the outer tube, Which 
extends from the vicinity of the end portion of the inner tube 
toWard an end portion of the outer tube. 

In still another method of decomposing an organic halide 
according to the present invention, Which decomposes an 
organic halide in a plasma by using a microWave plasma 
generator comprising a rectangular Waveguide having a hole 
to transmit a microWave, a cylindrical microWave resonance 
cavity connected to the rectangular Waveguide by commu 
nicating With the hole and placed such that a central axis of 
the resonance cavity aligns With the direction of electric ?eld 
in the rectangular Waveguide, and a discharge tube Which is 
made of a dielectric material, extends through the hole of the 
rectangular Waveguide, and extends through the resonance 
cavity so as to be coaxial With the central axis of the cavity, 
Wherein the discharge tube has a double-tube structure 
including outer and inner tubes, a sectional area of an 
annular gap formed betWeen the outer and inner tubes is 
constant over an entire length of the inner tube, and an end 
portion of the inner tube has a gas injection opening having 
the same diameter as an internal cavity of the inner tube, 

the organic halide is supplied into the inner tube, and a gas 
containing Water vapor and air is supplied to the annular gap 
formed betWeen the outer and inner tubes, thereby generat 
ing a plasma, in the outer tube, Which extends from the 
vicinity of the end portion of the inner tube toWard an end 
portion of the outer tube. 

The generator may further comprise an ignition electrode 
installed in the inner tube to generate microWave discharge. 
The generator may further comprise an ignition coil 

installed in the inner tube to generate microWave discharge. 
The generator may further comprise a gas supply pipe 

installed in the gap betWeen the outer and inner tubes along 
the direction of tangent of the outer tube. 
The gas may consist of the Water vapor, the air, and argon. 
The organic halide may be freon. In accordance With one 

embodiment, the freon is freon R12. In accordance With 
another embodiment, the freon is freon R12. 
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Another microwave plasma generator according to the 
present invention comprises: 

a rectangular Waveguide having a hole to transmit a 
microwave; 

a cylindrical microWave resonance cavity Which is con 
nected to the rectangular Waveguide by communicating With 
the hole and is placed such that a central aXis of the 
resonance cavity aligns With the direction of electric ?eld in 
the rectangular Waveguide; 

a discharge tube Which is made of a dielectric material, 
eXtends through the hole of the rectangular Waveguide, and 
eXtends through the resonance cavity so as to be coaXial With 
the central aXis of the cavity; 

a metal conductor Which is connected, While being ?tted 
in the discharge tube, to a portion of the discharge tube near 
the hole, and eXtends into the resonance cavity through the 
hole; and 

a slidable probe antenna Which is interposed betWeen the 
metal conductor and the discharge tube so as to be slidable 
in an aXial direction of the discharge tube, and eXtends into 
the resonance cavity through the hole in the rectangular 
Waveguide. 

Still another microWave plasma generator according to 
the present invention comprises: 

a rectangular Waveguide having a hole to transmit a 
microWave; 

a cylindrical microWave resonance cavity Which is con 
nected to the rectangular Waveguide by communicating With 
the hole, is placed such that a central aXis of the resonance 
cavity aligns With the direction of electric ?eld in the 
rectangular Waveguide, and has an end plate on a bottom 
portion; 

a discharge tube Which is made of a dielectric material, 
eXtends through the hole of the rectangular Waveguide, and 
eXtends through the resonance cavity so as to be coaXial With 
the central aXis of the cavity; 

a metal conductor Which is connected, While being ?tted 
in the discharge tube, to a portion of the discharge tube near 
the hole, and eXtends into the resonance cavity through the 
hole; and 

an annular metal conductor Which is interposed betWeen 
the end plate of the resonance cavity and the discharge tube 
extending through the end plate, and eXtends from the 
outside to the inside of the cavity. 

Still another microWave plasma generator according to 
the present invention comprises: 

a rectangular Waveguide having a hole to transmit a 
microWave; 

a cylindrical microWave resonance cavity Which is con 
nected to the rectangular Waveguide by communicating With 
the hole, is placed such that a central aXis of the resonance 
cavity aligns With the direction of electric ?eld in the 
rectangular Waveguide, and has an end plate on a bottom 
portion; 

a discharge tube Which is made of a dielectric material, 
eXtends through the hole of the rectangular Waveguide, and 
eXtends through the resonance cavity so as to be coaXial With 
the central aXis of the cavity; and 

a metal conductor Which is connected, While being ?tted 
in the discharge tube, to a portion of the discharge tube near 
the hole, and eXtends into the resonance cavity through the 
hole, 

Wherein the end plate of the resonance cavity has a 
tapered projection, Which projects toWard the metal 
conductor, in a portion through Which the discharge tube 
extends. 
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6 
In a method of decomposing an organic halide according 

to the present invention, a thermal plasma is generated by 
irradiating a gas containing an organic halide With a 
microWave, thereby decomposing the organic halide. 
A system for decomposing an organic halide according to 

the present invention comprises: 
a rectangular Waveguide having a hole to transmit a 

microWave; 
a coaXial microWave cavity connected to the rectangular 

Waveguide by communicating With the hole; 
a reaction tube placed beloW the cavity; 

a discharge tube Which is made of a dielectric material, 
eXtends through the hole of the rectangular Waveguide, and 
eXtends into the reaction tube through the cavity so as to be 
coaXial With the central aXis of the cavity; 

a metal conductor Which is connected, While being ?tted 
in the discharge tube, to a portion of the discharge tube near 
the hole, and eXtends into the resonance cavity through the 
hole; 

a vessel into Which a loWer end of the reaction tube is 
inserted and Which contains an aqueous alkali solution; and 

gas supply means for supplying a gas containing an 
organic halide to the discharge tube. 

Another system for decomposing an organic halide 
according to the present invention comprises: 

a rectangular Waveguide having a hole to transmit a 
microWave; 

a coaXial microWave cavity connected to the rectangular 
Waveguide by communicating With the hole; 

a reaction tube placed beloW the cavity; 
a discharge tube Which is made of a dielectric material, 

eXtends through the hole of the rectangular Waveguide, and 
eXtends into the reaction tube through the cavity so as to be 
coaXial With the central aXis of the cavity; 

a metal conductor Which is connected, While being ?tted 
in the discharge tube, to a portion of the discharge tube near 
the hole, and eXtends into the resonance cavity through the 
hole; 

a vessel into Which a loWer end of the reaction tube is 
inserted and Which contains an aqueous alkali solution; 

gas supply means for supplying a gas containing an 
organic halide to the discharge tube through ?rst piping; 

Water supply means connected to the ?rst piping through 
second piping; and 

heating means, provided for the second piping, for con 
verting Water ?oWing in the second piping into Water vapor. 

Still another system for decomposing an organic halide 
according to the present invention comprises: 

a rectangular Waveguide having a hole to transmit a 
microWave; 

a coaXial microWave cavity connected to the rectangular 
Waveguide by communicating With the hole; 

a reaction tube placed beloW the cavity; 
a discharge tube Which is made of a dielectric material, 

eXtends through the hole of the rectangular Waveguide, and 
eXtends into the reaction tube through the cavity so as to be 
coaXial With the central aXis of the cavity; 

a metal conductor Which is connected, While being ?tted 
in the discharge tube, to a portion of the discharge tube near 
the hole, and eXtends into the resonance cavity through the 
hole; 

a vessel into Which a loWer end of the reaction tube is 
inserted and Which contains an aqueous alkali solution; 
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gas supply means for supplying a gas containing an 
organic halide to the discharge tube; and 

Water vapor spraying means, formed in a circumferential 
Wall of the reaction tube, for spraying Water vapor into a 
thermal plasma generation region near a loWer end portion 
of the discharge tube. 

Still another system for decomposing an organic halide 
according to the present invention comprises: 

a rectangular Waveguide having a hole to transmit a 
microWave; 

a coaXial microWave cavity connected to the rectangular 
Waveguide by communicating With the hole; 

a reaction tube placed beloW the cavity; 
a discharge tube Which is made of a dielectric material, 

eXtends through the hole of the rectangular Waveguide, and 
eXtends into the reaction tube through the cavity so as to be 
coaXial With the central aXis of the cavity; 

a metal conductor Which is connected, While being ?tted 
in the discharge tube, to a portion of the discharge tube near 
the hole, and eXtends into the resonance cavity through the 
hole; 

a vessel into Which a loWer end of the reaction tube is 
inserted and Which contains an aqueous alkali solution; 

gas supply means for supplying a gas containing an 
organic halide to the discharge tube; and 

alkali Water spraying means, formed in a side Wall of the 
reaction tube, for spraying alkali Water into a thermal plasma 
generation region near a loWer end portion of the discharge 
tube. 

Still another system for decomposing an organic halide 
according to the present invention comprises: 

a rectangular Waveguide having a hole to transmit a 
microWave; 

a coaXial microWave cavity connected to the rectangular 
Waveguide by communicating With the hole; 

a reaction tube placed beloW the cavity; 
a discharge tube Which is made of a dielectric material, 

eXtends through the hole of the rectangular Waveguide, and 
eXtends into the reaction tube through the cavity so as to be 
coaXial With the central aXis of the cavity; 

a metal conductor Which is connected, While being ?tted 
in the discharge tube, to a portion of the discharge tube near 
the hole, and eXtends into the resonance cavity through the 
hole; 

a vessel into Which a loWer end of the reaction tube is 
inserted and Which contains an aqueous alkali solution; 

gas supply means for supplying a gas containing an 
organic halide to the discharge tube; and 

heating means, installed in at least one of a position 
around the reaction tube and a position beloW the vessel, for 
vaporiZing the aqueous alkali solution in the vessel and 
introducing Water vapor into a thermal plasma generation 
region near a loWer end portion of the discharge tube. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumen 
talities and combinations particularly pointed out hereinaf 
ter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate presently 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

8 
preferred embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the preferred embodiments given beloW, serve to 
explain the principles of the invention. 

FIG. 1 is a sectional vieW shoWing an organic halide 
decomposing system including a microWave plasma genera 
tor according to the ?rst embodiment of the present inven 
tion; 

FIG. 2 is a sectional vieW of the microWave plasma 
generator shoWn in FIG. 1; 

FIG. 3 is a sectional vieW shoWing an organic halide 
decomposing system including a microWave plasma genera 
tor according to the second embodiment of the present 
invention; 

FIG. 4 is a sectional vieW of the microWave plasma 
generator shoWn in FIG. 3; 

FIG. 5 is a sectional vieW shoWing a microWave plasma 
generator according to the third embodiment of the present 
invention; 

FIG. 6 is a sectional vieW shoWing a microWave plasma 
generator according to the fourth embodiment of the present 
invention; 

FIG. 7 is a sectional vieW shoWing an organic halide 
decomposing system including a microWave plasma genera 
tor according to the ?fth embodiment of the present inven 
tion; 

FIG. 8 is a sectional vieW of the microWave plasma 
generator shoWn in FIG. 7; 

FIG. 9 is a sectional vieW shoWing a microWave plasma 
generator according to the siXth embodiment of the present 
invention; 

FIG. 10 is a sectional vieW shoWing a microWave plasma 
generator according to the seventh embodiment of the 
present invention; 

FIG. 11 is a sectional vieW shoWing a microWave plasma 
generator according to the eighth embodiment of the present 
invention; 

FIG. 12 is a sectional vieW shoWing an organic halide 
decomposing system according to the ninth embodiment of 
the present invention; 

FIG. 13 is a sectional vieW shoWing an organic halide 
decomposing system according to the 10th embodiment of 
the present invention; 

FIG. 14 is a sectional vieW shoWing an organic halide 
decomposing system according to the 11th embodiment of 
the present invention; 

FIG. 15 is a sectional vieW shoWing an organic halide 
decomposing system according to the 12th embodiment of 
the present invention; 

FIG. 16 is a sectional vieW shoWing an organic halide 
decomposing system according to the 13th embodiment of 
the present invention; and 

FIG. 17 is a sectional vieW shoWing a conventional 
microWave plasma generator. 

DETAILED DESCRIPTION OF THE 
INVENTION 

MicroWave plasma generators and methods and systems 
for decomposing an organic halide (e.g., freon gas) by using 
a thermal plasma according to embodiments of the present 
invention Will be described beloW With reference to the 
accompanying draWings. 
(First Embodiment) 

FIG. 1 is a sectional vieW shoWing an organic halide (e. g., 
freon) decomposing system including a microWave plasma 
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generator having a coaxial microwave cavity according to 
this ?rst embodiment. FIG. 2 is a sectional vieW of the 
microWave plasma generator shoWn in FIG. 1. 

Referring to FIG. 1, a horizontally extending rectangular 
Waveguide 1 has a microWave oscillator 2, Which oscillates 
a microWave With a frequency of 2.45 GHZ, in its start end 
portion (left-hand end), and has a hole 3 in this end portion. 
This rectangular Waveguide 1 transmits a microWave from 
the start end portion toWard a terminal end portion (right 
hand end). 
As shoWn in FIG. 2, a coaxial microWave cavity 4 is so 

connected as to extend vertically by communicating With the 
hole 3 of the rectangular Waveguide 1. This cavity 4 includes 
an end plate 5, a cylindrical outer conductor 6, a metal 
conductor 8, and a cylindrical inner conductor 9. The end 
plate 5 is positioned on the bottom portion of the cavity 4, 
and the outer conductor 6 is ?xed on this end plate 5. The 
metal conductor 8 is ?xed to the rectangular Waveguide 1 
near the hole 3 and has an inverse conical portion 7 extended 
into the outer conductor 6. A hole is formed through the 
center of this metal conductor 8. The inner conductor 9 
extends from the loWer end of the inverse conical portion 7 
of the metal conductor 8 toWard a position beloW the middle 
position of the outer conductor 6 and is placed coaxially With 
the outer conductor 8. Reference numeral 4a denotes a 
throttle plate Which is formed on the upper surface of the 
cavity 4 and de?nes the hole 3 of the rectangular Waveguide 
1, i.e., the connecting portion betWeen the rectangular 
Waveguide 1 and the cavity 4. A reaction tube 10 is placed 
beloW the coaxial microWave cavity 4. 
A discharge tube 11 made of a dielectric material, e.g., 

quartZ, extends through the end plate 5 from the hole in the 
metal conductor 8 via the inner conductor 9 and is inserted 
into the reaction tube 10. That is, this discharge tube 11 is so 
placed as to be coaxial With the central axis of the coaxial 
microWave cavity 4 and extends through the rectangular 
Waveguide 1 and the cavity 4. 

The discharge tube 11 has a double-tube structure includ 
ing an outer tube 12 Whose upper end is closed and an inner 
tube 13 coaxially inserted into this outer tube 12 from its 
upper end. Both the outer and inner tubes 12 and 13 are 
straight tubes. That is, in its end portion (loWer end portion) 
the inner tube 13 has a gas injection opening having the 
same diameter as the internal cavity of this inner tube 13. 
The sectional area of an annular gap formed betWeen the 
outer and inner tubes 12 and 13, i.e., the sectional area of the 
annular gap formed betWeen the outer and inner tubes 12 and 
13 in a section perpendicular to the longitudinal direction of 
the discharge tube 11, is constant over the entire length of the 
inner tube 13. 

Freon from a freon gas container 14, air from an air 
container 15, argon from an argon container 16, and Water 
vapor from a Water vapor generator 17 are supplied through 
a gas supply pipe 18 to a portion above the annular gap 
formed betWeen the outer and inner tubes 12 and 13 of the 
discharge tube 11. The gas supply pipe 18 is connected along 
the direction of tangent of the outer tube 12. 
As shoWn in FIG. 2, an ignition electrode 20 connected to 

an ignition poWer supply 19 outside the outer tube 12 of the 
discharge tube 11 ignites a thermal plasma. 

The loWer end of the reaction tube 10 is dipped into an 
aqueous alkali solution 22 in a vessel 21. An exhaust duct 23 
is connected to the upper portion of this vessel 21. 

The function of the aforementioned microWave plasma 
generator and a method of decomposing an organic halide, 
e.g., freon, by using the organic halide decomposing system 
including this generator Will be described beloW. 
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10 
The microWave oscillator 2 is operated to generate a 

microWave. This microWave is transmitted by the rectangu 
lar Waveguide 1 and then transmitted to the coaxial micro 
Wave cavity 4 through the metal conductor 8 and the inner 
conductor 9. As a consequence, in the cavity 4 an axial 
direction electric ?eld is formed betWeen the inner conduc 
tor 9 and the end plate 5. 
With the microWave thus transmitted into the coaxial 

microWave cavity 4, freon gas and a gas containing Water 
vapor are supplied through the gas supply pipe 18 into the 
annular gap formed betWeen the outer and inner tubes 12 and 
13 of the discharge tube 11, and the ignition poWer supply 
19 is operated to alloW the ignition electrode 20 to discharge. 
Consequently, a thermal plasma 24 having high electron 
energy and a temperature of 2,000 to 6,000 K is generated 
in the discharge tube 11. This thermal plasma 24 extends 
from the discharge tube 11 into the reaction tube 10 at the 
loWer end of the discharge tube 11. This makes the freon gas 
readily dissociable into chlorine, ?uorine, and hydrogen 
atoms, so the freon gas reacts With Water vapor. For 
example, freon R12 (CCIZFZ) used in a refrigerant of an 
air-conditioner is easily decomposed by reaction indicated 
by 

Also, even freon 134a (CF3CH2F) knoWn as alternate 
freon not containing chlorine and assumed to be compara 
tively dif?cult to decompose is readily decomposed by 
reaction indicated by 

C converts to CO2 in the presence of oxygen or the like. 
The decomposed gas from the reaction tube 10 is made 

harmless by reaction indicated by formula 3 beloW by 
passing through the aqueous alkali solution (e.g., calcium 
hydroxide) 22 contained in the vessel 21. The gas containing 
carbonic acid gas and the like is exhausted from the exhaust 
duct 23. 

In the microWave plasma generator according to the ?rst 
embodiment as described above, a straight tube is used as 
the inner tube 13 forming the double-tube structure of the 
discharge tube 11 so that the sectional area of the annular gap 
formed betWeen this inner tube 13 and the outer tube 12 is 
constant. Accordingly, the gas described above can be 
injected at high ?oW rate from the annular gap, and this 
enhances the gas bloWing effect. As a consequence, a stable 
thermal plasma can be generated. Therefore, once this 
thermal plasma is ignited, disappearance of the thermal 
plasma can be prevented even When the supply of Ar gas as 
a carrier gas is stopped to sWitch to freon or Water vapor. 
This can suppress the consumption of Ar gas. 

Also, the injection opening of the inner tube 13 is made 
larger than the conventional inner tube injection opening 
shoWn in FIG. 17. This can prevent damage to the inner tube 
13 by the thermal plasma 24 and also prevent adhesion of 
soot and condensation of Water vapor. 

Furthermore, the gas supply pipe 18 is connected to the 
discharge tube 11 along the direction of tangent of the outer 
tube 12. Therefore, When the gas is supplied to the afore 
mentioned annular gap through the gas supply pipe 18, the 
gas can be sWirled as indicated by the arroW in FIG. 2. Since 
the sectional area of the annular gap formed betWeen the 
inner and outer tubes 13 and 12 is held constant, this sWirling 
?oW effect reaches the exit of the annular gap, and the gas 
























